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A Study on the Effect of Garlic to the Heavy Metal
Poisoning of Rat
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When garlic (Allium sativum) was administered to rat per os simultaneously
with cadmium, methylmercury and phenylmercury to detect the protective
effect against the heavy metal poisoning, accumulation of heavy metals in
liver, kidneys, bone and testes were decreased, and histopathological damages
and the inhibition of serum alkaline phosphatase activities by heavy metals were
reduced. Such effect of garlic was not shown in the 1.7% garlic treated group
and most remarkable in the 6.7% garlic treated group.

The protective effect of garlic was superior to those of 2,3 dimercapto-1-
propanol (BAL) and D-penicillamine (PEN), and nearly similar to those of
2,3-dimercaptosuccinic acid (DMSA) and N-acetyl-DL-penicillamine (APEN),
the current remedies, while garlic was not effective as a curative agent for
heavy metal poisoning.

The excretion of cadmium was enhanced, more through feces than urine
by garlic but the effect to the urinary excretion of cadmium was not significant
comparing with DMSA or APEN when cadmium was ip injected in the first 3
days during the 12 days of oral administration of DMSA, APEN or garlic.
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INTRODUCTION

Various «inds of heavy metals exist on the
earth’'s crust, including some toxic metals such as
antimony (Sb), arsenic (As), lead (Pb), mercury (Hg).
cadmium (Cd), beryllium (Be) and nickel (Ni). Among
these, cadmium and mercury have proved to be
extremely ‘toxic to mankind while their usage in
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various industries has increased rapidly in this cen-
tury. The worldwide annual consumption of mercury
has reached well over 10,000 tons and the cadmium
consumption exceeds 20,000 tons (Guthrie and Perry
1980; Tsuchiya, 1983). These heavy metals pollute
the environment more and more as a result of rapid
industrialization. In Korea, the concentrations of
mercury and cadmium in the atmosphere of Seoul
were 0.007-0.014 pg/m3 and 0.0111-0.024 p.g/m3, re-
spectively (Kwon et al., 1980; Yum et al., 1980). In
the Han river and its major tributaries 2-15u9/l of
cadmium, and 063-2.7 g/l of mercury were detected
(Ditri and Ditri, 1977), and some of the data indicate
the potential of threat to health of residents. The tox-
icity of heavy metals varies with each other depen-
ding on target organs. Mercury destorys brain cell,
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inhibits the division of sex chromosomes, and in-
duces genetic defects, while cadmium induces
damage to liver and testes, in addition to inhibiting
spermatogenesis. Numerous studies for heavy metal
poisoning have reported by Parizek and Zahor
(1956), Schroeder and Balassa (1961), Aberg and
Ekmant (1969), Richardson and Murphy (1974),
Kershaw and Dhahir (1980), Nagase et al. (1984)

and others. Studies on the mutagenicity and car-.

cinogenicity of metals were also performed
(Nomiyama, 1982; Christley and Webster, 1983).

According to the mechanism of toxicity, heavy
metals combine preferentially with -SH radicals of
proteins and enzymes and inhibits their functions.
Active research on the protective effect of chelating
agents containing -SH radical is being carried out
for prevention and treatment of heavy metal poison-
ing in the fields of biochemistry, pharmacology,
medicine and public health (Imura et al., 1980;
Yamane et al., 1981). Initially, -SH compounds, such
as BAL (Longcope and Luetscher, 1949) and pen-
icillamine (Aposhin, 1958), were developed as
remedies for heavy metal poisoning. Later, this was
followed by the development of compounds with less
toxicity and side effects, such as 2.3-dimercaptosu-
ccinic acid (Friedheim and Corvi, 1975), N-acetyl-DL-
penicillamine (Gabard, 1976), and polythiol resine
(Clarkson and Small, 1973). Considering the phar-
macological effect of these -SH compounds (Shim,
1967; Cho and Lee, 1975), it is expected that garlic,
which is used as one of essential spices in Korean
cooking and contains an abundant quantity of -S-S-
compounds such as diallyldisulfide, pro-
pylallydisulfide, and -SH compounds such as glu-
tathione, thiolactic acid, cystine, cysteine, homocy-
stine, and Vitamin B, will provide a protective effect
in human body against heavy metal poisoning by
reacting with the metals and producing sulfur com-
pounds.

This study was carried out to investigate the pro-
tective effect of garlic against heavy metal poisoning.
Doses-of garlic with cadmium and mercury respec-
tively, were administered to albino rats and the
effect of garlic on the histopathological change and
accumulation of heavy metals in the target organs,
such as livef;kidneys, testes, and bone tissues were
investigated. In addition, a comparative study on
protective effect of garlic against cadmium poison-
ing was done with current remedies of 2,3-dimerca-
ptosuccinic acid (DMSA), N-acetyl-DL-penicillamine
(APEN), BAL and penicillamine (PEN), whose ex-
cellent protective effect on cadmium and mercury
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poisoning was already recognized. To understand
the protective mechanism of garlic in heavy metal
poisoning, cadmium and garlic were administered
together and the effect of garlic on the excretion of
the metal were observed, and compared with the
effect of DMSA and APEN.

MATERIALS AND METHODS

1. Materials

Among male Sprague-Dawley rats bred 4 weeks
under optimal condition, experimental animals were
selected under the standards of body weight, motility,
and of others in every experiment.

To detect the protective effect of garlic against cad-
mium and mercury poisoning, cadmium chloride
(CdCl2.1/2 H20), methylmercuric chloride (CHaHgCl)
and phenylmercuric acetate (C2HsHgC2H302) were
mixed with drinking water in various concentrations.
Raw garlic peeled and crushed was mixed with the
feed, and was administered per os in various con-
centrations of 1.7% 335% and 6.7% which were con-
sidered to be 50, 100 and 200 ppm as allicin level.

To compare the protective effect of garlic against
cadmium poisoning with those of current remedies
which were developed before and have been used
for treatment of the heavy metal poisoning as chel-
ating agents, 2.3 dimercapto-1-propanol (BAL), D-
penicillamine (PEN), 2,3-dimercaptosuccinic acid
(DMSA) and N-acetyl-DL-penicillamine (APEN) were
used. Cadmium chloride, 1 mg/kg, was injected in-
traperitoneally for 7 days. BAL (175 mg/kg), PEN (40
mg/kg), DMSA (60 mg/kg) and APEN (60 mg/kg),
equivalent to 1/6 LDso, were administered orally with
drinking water. And raw garlic mixed with feed in
6.4%, equivalent to 1/6 LDso of allicin considering
intake amount of feed, was administered orally
for 30 days after the cadmium injection.

To detect the effect of garlic to the excretion of cad-
mium, 0.5 mg/kg of cadmium chloride was injected
intraperitoneally for 3 days. Garlic was mixed with
the feed to make a concentration of 6.4% and was
administered orally from 24 hours before the applica-
tion of cadmium injections for 12 days. To make a
comparative study of the effect of garlic, 30 mg/kg
of diallyldisulfide, 75 mg/kg N-acetyl-DL-penicillamine
75 mgl/kg were administered orally with drinking
water for 12 days. '

2. Methods
To detect the protective effect of garlic against
cadmium and mercury poisoning, subject animals
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were devided into four groups, such as (1) a control
group that had not been exposed to heavy metals
and had been bred with commercial feed only, (2)
a garlic treated group (3) a heavy metal treated
group, and (4) a garlic and heavy metal treated
group. The heavy metal treated group was subdivid-
ed into a cadmium treatment group, a methylmer-
cury treated group, and a phenylmercury treated
group. The garlic and heavy metal treated group was
subdivided into the 1.7% garlic and metal treated
groups, the 3.35% garlic and metal treated groups
and the 6.7% garlic and metal treated groups. Garlic
and heavy metals were administered for 12 weeks
and at the completion of this experimental period,
blood samples were collected, and the alkaline
phosphatase activity was measured by the Bowers
and McComb method (Gilford Instrument Lab.,
1982). Liver, kidneys, and testes were removed and
the amount of cadmium in those organs were
measured using the atomic absorption spec-
trophotometer (Shimadzu AA630-11). From sam-
ples of brain, liver and kidneys, the amount of total
mercury was measured under the cold vapor techni-
que using AAS. Thin slide preparations of liver,
kidneys, prain and testes were stained with H-E stain
method and examined histopathologically.

To compare the protective effect of garlic against
cadmium poisoning with those of current remedies,
cadmium was injected intraperitoneally for 7 days
and current remedies of BAL, PEN, DMSA -and
APEN, and garlic were administered orally for 30
days from the beginning of cadmium injection. At the
same time to compare the curative effect of garlic
with current remedies to the cadmium poisoning,
current remedies and garlic were administered orally
for 23 days after the cesation of 7 days of cadmium
injection. The experimental subject was divided into
6 groups of Cd-alone treated group, DMSA-Cd
treated group, BAL:Cd treated group, APEN-Cd
treated group, PEN-Cd treated group, and garlic-Cd
treated group. Doses of cadmium were administered
intraperitoneally for 7 days: doses of current remedies
(DMSA, BAL, APEN, and PEN) were administered
with drinking water from the first day of cadmium in-
jection for 30 days, and the doses of garlic mixed
into the feed were administered orally from cadmium
injection for 30 days. In order to observe the curative
effect of garlic in cadmium poisoning, poisoning
was induced following the same procedure as above
by cadmium injections intraperitoneally for 7 days
and garlic and current remedies were administered
for 23 days from 24 hours after cadmium injection.

The dosage of garlic and the remedies was doubl-
ed in the last week to make the same dosage used
in the experiment to compare the protective effect.
A comparative study of protective and curative ef-
fect was performed mainly on the amount of cad-
mium accumulation in the liver. Kidneys, testes, and
bone tissue and on the histopathological changes
of the testes. The same method as above was em-
ployed for the determination of the amount of cad-
mium accumulation and histopathological changes.

To detect the effect of garlic to the excretion of
cadmium from rat the experimental subject was divid-
ed into Cd-alone, garlic-Cd, diallyldisuifide-Cd,
DMSA-Cd and APEN-Cd treated groups, and sam-
ples of urine and feces were collected from each
metabolic cage in which 5 rats were bred. From the
first day of experiment, i.e., 24-hours before the start
of the cadmium injection, the oral administration of
garlic, diallyldisulfide, DMSA, and APEN was con-
ducted for 12 days, while the cadmium were ad-
ministered intraperitoneally from the second day
once a day for 3 days. The quantity of cadmium ex-
cretion was measured by collecting the urine and
feces separately at 24 hour intervals from the begin-
ning of cadmium administration on the second day.
The method used to measure the amount of cad-
mium excretion was same as the above.

RESULTS

1. The protective effect of garlic against cadmium
and mercury poisoning
1) The protective effect of garlic against cadmium
poisoning
(1) Weight change
The weight of all the experimental albino rat on
day 1 of the experiment were set to be 216 g.
After 12 weeks, the control group weighed 348.0
g and the garlic (3.35%) treated group weighed
352.0 g which were a 61-63% increase while the
slope of weight gain of the cadmium (100 ppm)
treated group flattened after week 5 and weighed
318 g after 12 weeks with a 47% increase (Figure 1).
In groups treated with garlic and cadmium simul-
taneously, the weights were 321.3 g for the garlic
(1.7%)-Cd treated group, 3380 g for the garlic
(8.35%)-Cd treated group, and 352.5 g for the garlic
(6.7%)-Cd treated group, showing increases of 48%,
50%, and 63% respectively. The weight gain for the
garlic (6.7%)-Cd treated group was approached that
of the control group (Figure 1).
(2) The change of alkaline phosphatase activity in
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Table 1. Serum alkaline phosphatase activities and cadmium levels in various tissues of rat treated with cadmium and/or

garlic
M+S.D
Treatment No. of Alkaline Phosphatase Cadmium (ug/g)
Garlic (%) Cd (ppm) rat (77)] Liver Kidney Testis
0 100 10 72.78 +13.74 (89.43) 33.86+3.93 33.93+2.65 0.77+0.28
1.70 100 9 70.89+ 8.28 (87.16) 31.36+3.61 35.32+5.51 0.68+0.16
3.35 100 8 78.33+14.94 (96.31) 29.02+5.16* 29.56+3.156** 0.59+0.08
6.70 100 8 87.56 +14.22 (107.17)* 25.28+4.05** 29.39+3.16** 0.54 +0.09*
Control 0 6 81.33+ 9.83 (100.00) 0.09+0.05 0.38+0.30 ND
Garlic (3.35%) 0 6 88.86 + 14.51 (109.25) 0.16+0.08 0.31+0.58 ND
* :p 0.05 compared with cadmium-alone treated group
**:p 0.01 compared with cadmium-alone treated group
Table 2. Mercury levels in various tissues of rat treated with mercury and/or garlic
+
Treatment No. of Mercury (pg/g)
Mercury (ppm) Garlic (%) rat Brain Liver Kidney
0 0 10 0.09 +0.04 0.11+0.05 0.18+0.11
0 3.35 10 0.06+0.04 0.12+0.07 0.16+0.10
4 0 10 0.31+0.18 3.01+0.97 519+1.68
MMC 4 3.35 10 0.27+0.11 2.82+1.03 4.02+1.15
4 6.70 10 0.21+0.08 2.34+0.82 3.68+0.95*
4 8.00 10 0.18+0.04* 1.82+0.83** 3.41+091**
6 0 8 0.10+0.04 291+1.34 13.86+2.75
6 1.70 10 0.09+0.07 2.81+0.09 14.06 + 4.62
PMA 6 3.35 10 0.09+0.04 1.96+1.01 12.92+1.50
6 6.70 10 0.09+0.05 1.68+0.08** 11.68+2.11

+ MMC: Methylmercuric choride

PMA : Phenylmercuric acetate
: p<0.05 compared with mercury-alone treated group
: p<0.01 compared with mercury-alone treated group

*

* %

Table 3. Cadmium levels in various tissues of rat simultaneously treated with cadmium and/or various thio compounds

Unit: pg/g (wet)

Treatment No. of Gl
rat Liver Kidney Testis Bone

Cd-alone 20 40.77 +6.42 15.28+2.13 2.77+0.84 603 +0.74
Cd-garlic 20 27914517 13.60+1.96* 1.37+0.26** 1.50+0.42**
Cd-DMSA 20 23.14+5.57** 13.50+1.93*~ 1.12+0.27** 0.51+021**
Cd-BAL 20 32.22+4.70** 18.50+3.41*" 1.79+0.55** 2.50+0.74*"
Cd-APEN 20 27.96+7.46** 13.36+3.51* 1.58+0.64** 1.79+0.75**
Cd-PEN 20 36.05+6.42* 18.44+2.78*~ 2.13+0.74* 1.89+0.54**

+ DMSA: 2,3-dimercaptosuccinic acid

BAL
APEN:
PEN

: 2,3-dimercapto-a-propanol
N-acetyl-bL-penicillamine

. D-penicillamine
: p<0.05 compared with cadmium-alone treated group
: p<0.01 compared with cadmium-alone treated group
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Table 4. Cadmium levels in various tissues of rat treated with thio compounds after cadmium injection

Unit: ug/g (wet)

Organ
Treatment No. of . . -
rat Liver Kidney Testis Bone

Cd-alone 20 40.77 +6.42 15.28+2.61 2.77 +0.62 6.03+0.74
Cd-garlic 20 32.96+7.18** 14.72+3.18 2.02+0.53** 1.84+0.23*"
Cd-DMSA 20 32.56+5.73** 14.89+2.31 1.57+0.62** 1.56+0.96**
Cd-BAL 20 38.80+9.00 15.70+1.81 2.25+0.59** 254+0.79**
Cd-APEN 20 36.49+569" 15.40+4.67 1.98+0.71** 269+0.96™*
Cd-PEN 20 40.17+6.79 19.05+2.87*" 2.36+0.73 2.59+1.14**

(Abbreviation same as Table 3)

Table 5. The excretion ot cadmium via urine in groups treated simultaneously with cadmium and thio compounds

Unit: ug/rat

Exp.  Group Cd-alone * Cd + garlic Cd+DMSA Cd+APEN Cd +diallyldisulfide
g);s Treatment Cd-amount (Cumm.%) Cd-amount (Cumm.%) Cd-arnount (Cumm.%) Cd-amount (Cumm.%) Cd-amount (Cumm.%)
1st  Thiol comp.
2nd Thiol + Cd
3rd Thiol +Cd 56.43 (37.13) 56.48 (37.16) 56.65 (35.39) 59.71 (41.18) 56.35 (37.07)2
4th Thiol +Cd 57.78 (36.72)° 111.75 (65.52)° 81.35 (43.25)° 104.61 (56.86)° 92.23 (48.56)°
5th Thiol comp. 54.93 (36.53) 102.11 (59.42) 80.91 (45.65) 89.38 (57.86) 87.56 (41.67)
6th Thiol comp. 5.84 (37.79) 12.16 (62.16) 13.86 (48.54) 13.19 (60.86) 12.04 (54.31)
7th  Thiol comp. 3.89 (38.63) 5.56 (63.39) 4.71 (49.52) 3.01 (61.55) 4.78 (55.35)
8th  Thiol comp. 5.26 (39.77) 5.56 (64.62) 4.39 (50.44) 450 (62.58) 4.28 (56.29)
9th Thiol comp. 2.47 (40.30) 3.06 (65.29) 3.56 (51.18) 434 (63.57) 2.94 (56.93)
10th  Thiol comp. 2.05 (40.75) 295 (65.94) 2.67 (51.74) 3.00 (64.25) 2.65 (57.51)
11th Thiol comp. 1.70 (41.11) 2.65 (66.52) 1.87 (52.13) 2.70 (64.87) 1.90 (57.93)
12th  Thiol comp. 1.70 (41.48) 191 (66.94) 1.76 (52.49) 1.82 (65.28) 1.72 (58.30)
Total amount of 463.0 455.0 480.0 439.0 457.0

Cd injected (ug/rat)

Cumm.% : Cummulative percentage of excretion amount based on total amount of cadmium injected

DMSA : 2,3-dimercaptosuccinic acid

APEN . N-acetyl-DL-penicillamine
+ : Thiol compounds were not administered in Cd-alone group.
a . Percentage of excretion amount based on 1st injection amount of cadmium
b : Cummulative percentage of excretion amount based on sum of 1st and 2nd injection amounts
the blood. treated group, while the garlic (3.35%)-Cd treated

Concerning the alkaline phosphatase activity in the
blood, the garlic (3.35%)-only treated group showed
a 9% increase compared with the control group,
while the cadmium treated group showed an 11%
decrease. In groups treated with garlic and cadmium
simultaneously, the garlic (6.7%)-Cd treated group
showed a significant increase compared with the
Cd-alone treated group (Table 1).

(8) Cadmium accumulation in the tissues

Concerning the amount of cadmium accumulation
in the liver tissue, the garlic (1.7%)-Cd treated group
showed little change compared with the Cd-alone

group showed a 14% decrease, and the garlic
(6.7%)-Cd treated group showed a 25% decrease.

The amount of cadmium accumulation in the
kidney of the garlic (1.7%)-Cd treated group did
not show any significant change compared with
the Cd-alone treated group, while those of the garlic
(3.35%)-Cd and garlic (6.7%)-Cd treated groups
showed a 13% decrease.

Similarly, the amount of cadmium accumulation in
testes of the garlic (3.35%)-Cd group also showed
a significant decrease comparing with that of the
cadmium treated group (Table 1).
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Table 6. The excretion of cadmium via feces in groups treated with cadmium and thiol compounds
Unit: peg/rat

Exp. -Group Cd-alone + Cd + Garlic Cd+DMSA Cd+APEN Cd + diallyldisulfide
g;s Treatment Cd-amount (Cumm.%) Cd-amount (Cumm.%) Cd-amount (Cumm.%) Cd-amount (Cumm.%) Cd-amount (Cumm.%)
1st Thiol comp.
2nd Thiol + Cd
3nd Thiol +Cd 1.21 (0.80) 1.07  (0.71) 1.41 (0.88) 161 (1.11)2 1.23 (0.81)
4th Thiol +Cd 1.93 (1.11)P° 1.95 (1.00)° 215 (1.12)° 222 (1.33° 1.91 (1.03)°
5th Thiol comp. 1.59 (1.02) 1.64 (1.03) 193 (1.15) 1.98 (1.32) 1.54 (0.87)
6th Thiol comp. 0.39 (1.11) 0.48 (1.13) 0.53 (1.26) 0.66 (1.48) 0.45 (0.97)
7th Thiol comp. 0.33 (1.18) 0.40 (1.22) 0.45 (1.35) 065 (1.62) 0.41 (1.06)
8th Thiol comp. 0.14 (1.21) 041 (1.31) 0.31 (142 0.37 (1.71) 0.40 (1.15)
9th Thiol comp. 0.16 (1.24) 0.31 (1.38) 0.24 (1.47) 0.29 (1.77) 0.31 (1.21)
10th Thiol comp. 0.10 (1.26) 0.20 (1.42) 0.23 (1.51) 0.33 (1.85) 0.22 (1.26)
11th Thiol comp. 0.07 (1.28) 0.20 (1.47) 0.18 (1.56) 025 (1.91) 0.19 (1.30)
12th Thiol comp. 0.05 (1.29) 0.12 (1.49) 0.15 (1.58) 0.18 (1.95) 0.13 (1.33)
Total amotit o 463.0 455.0 4800 439.0 457.0

Cd injected (ug/rat)

(Abbreviation same as Table 5)

(4) Histopathological change in liver, kidneys and
testes

There was no significant difference of the histo-
pathological change in liver, kidneys and testes

e—econtrol
x—x Cd
o—oc Cd+6.7% garlic
a—a(Cd+3.35% garlic

360
340
3204
300
2804
260

240

7 x—x Cd
2204 oo garlic(3.35%)
2004 »—a Cd+garlic(1.7%)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80days

Fig. .1. Mean body weights of rat exposed to Cd or
Cd - garlic

Table 7. Thio compounds and trace metals in garlic extract

Metals (g/g)
(Cha, unpublished)

Thio compounds (%)
(Shim, 1967)

Diallyldisulfide 23-39 Fe 1.90-2.80
Diallyltrisulfide 13-19.3 Cu 0.95-2.50
Propylallyldisulfide 3.7-4.5 Zn 0.13-0.45
Diallylsulfide 1 Cd 0.002-0.06
Glutathion 93.5 (mg%) Pb 0.01-0.18
Vitamin C 5.3 (mg%) Se 0.72-1.52

Thio amino acid 0.5-1.3 (mg%o)

between the garlic treated group and the control
group. However Cd-alone treated group showed con-
spicuous liver cell necrosis at central zone of hepatic
lobules, focal necrosis of proximal tubular epithelial
cells, cloudy swelling in renal tubules, hydropic
degeneration and necrosis with atrophy in germinal
epithelium of seminiferous tubule.

When dosages of garlic were administered with
cadmium the garlic (1.7%)-Cd treated group show-
ed little difference in histopathological change com-
pared with the Cd-alone treated group. A slight
histopathological change appeared in the garlic
(8.35%0)-Cd treated group. There was a noticeable
difference in the garlic (6.7%)-Cd treated group com-
pared with the Cd-alone treated group in hepatic
cell cords, sinusoids of liver and kidney in addition
to a mild degenerative change in the germinal
epitheiium of seminiferous tubule.

2) The protective effect of garlic against mercury
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poisoning
(1) Change of mercury amount accumulated in the
tissue.

The total amount of mercury accumulated in the
brain tissue did not decrease significantly in the garlic
(3.35%)-methylmercury treated group compared with
the group treated with 4ppm methylmercury, while
in the garlic (6.7%)-methylmercury and garlic (8.0%)-
methylmercury treated groups the mercury accumu-
lation decreased 32% and 40%, respectively. The
amount of mercury accumulation in the brain tissue
in the group treated with 6ppm phenylmercury was
only 1/3 of that of the methylmercury treated group,
and there was no significant difference in the garlic-
phenylmercury treated group compared with the
phenylmercury alone treated group.

The total amount of mercury accumulated in the
liver was greater in the methylmercury treated group
compared with the phenylmercury treated group. In
groups treated with garlic together with mercury, the
garlic (8.0%)-methylmercury treated group showed
a decrease of 40% compared with the mercury
treated group while the garlic (3.35%)-phenylmercury
treated group began to show a decrease of 33%
compared with the phenylmercury treated group.

"The total mercury accumulated in kidney of the
phenylmercury treated group was 3 times more than
that of the methylmercury treated group and there
was no decrease in the garlic (335%)-methylmercury
treated group compared with the mercury-alone
treated group (Table 2).

(2) Histopathological changes in brain and kidney
tissues

The extent of damage of brain tissue in the phen-
ylmercury treated group was not severe but in the
methylmercury treated group the myelin sheath in
the white matter was dehydrated and a large number
of Purkinje cells showed degenerative and necrotic
change. Among the groups treated with garlic and
mercury simultaneously, the garlic (3.35%)-methyl-
mercury treated group showed no difference in the
degree of tissue damage, while the garlic (6.7%)-
methylmercury treated group showed a mild de-
generative change in the Purkinje cells. The degree
of damage of the kidney due to mercury was similar
in both phenylmercury and methylmercury treated
groups. While severe degeneration and necrosis of
the epithelium of proximal convoluted tubule was
observed in the mercury-alone treated group, only
mild damage was observed in garlic (6.7%)-mercury
treated group, and maintained a normal architecture
in the garlic (8.0%)-methylmercury treated group.

2. Comparison of the protective effect between
garlic and current remedies against cadmium
poisoning

(1) The protective effect of garlic and current remedies
of BAL, PEN, DMSA and APEN

When an evaluation of the protective effect of garlic
against cadmium poisoning is based on the cad-
mium accumulation in the liver, kidneys, testes and
brain tissues, its degree of the protective effect was
similar to the level of APEN and was superior to that
of PEN or BAL. When compared with DMSA, the
levels of the cadmium accumulation in the liver and
kidneys were similar, but the accumulation levels in
testes and brain tissue decreased significantly in the
DMSA treated group. When PEN or BAL was ad-
ministered together with cadmium, it increased the
cadmium accumulation in kidney compared with
Cd-alone treated group (Table 3).

When the histopathological change in testes due
to cadmium alone treatment were compared with
those due to simultaneous treatment with current
remedies and cadmium, only a small degree of
tissue damage was observable in the DMSA-Cd or
APEN-Cd treated group, and no difference in the
degree of tissue damage was observed in the BAL:
Cd PEN-Cd treated group.

(2) The curative effect of garlic and current remedies

To compare the curative effect of garlic with cur-
rent remedies they were administered from 24 hours
after the 7 days’ injection of cadmium. No significant
difference between garlic and DMSA on the effect
of reducing the concentration of the cadmium ac-
cumulated in the tissue was observed. In treatments
with garlic or DMSA, the concentrations of cadmium
in the testes and bone were clearly lower than those
of the Cd-alone treatment, with only a small difference
in the liver, but no difference in the kidneys. With
the exception for the bone, BAL did not reduce the
cadmium accumulation in the tissues.

Garlic did not decrease the cadmium accumula-
tion in the other organs than the bone tissue below
80% of the levels of the Cd-alone treated group,
and although the curative effect of garlic was superior
to that of APEN in the liver, kidneys, and bone ex-
cept for the testes, there was no statistical signific-
ance. The curative effect of PEN was inferior to that
of garlic or APEN in all organs (Table 4).

Garlic and the current remedies did not recover
histopathological changes of testes damaged by
cadmium.

3. The effect of garlic on cadmium excretion from
rats exposed to cadmium
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The cadmium excretion was investigated in groups
treated with cadmium and garlic, DMSA, or APEN.
The effect of urinary excretion in the garlic-Cd treated
group was clearly observed 2-3days later than the
occurrence in the DMSA-Cd or APEN-Cd treated
groups, and the cumulative excretion rate for 10 days
in the garlic-Cd treated group did not reach the
levels of APEN-Cd or DMSA-Cd treated group (Table
5).
But in the case of fecal excretion, the effect on
the cadmium excretion was noticed from the second
day and the cumulative excretion rate for 10 days in
the garlic-Cd treated group exceeded that of APEN
or DMSA, hence the enhancing effect of cadmium
excretion of garlic is evident in feces rather than in
urine excretion (Table 6).

In the case of diallyldisulfide-Cd treatment, the
effect of cadmium excretion enhancing was con-
spicuous in the feces rather than in urine excretion,
therefore it was similar to that of garlic. The effect of
cadmium excretion enhancing through urine was
weaker than that of the DMSA-Cd or APEN-Cd
treatments. However comparing the effect of enhan-
cing cadmium excretion between diallyldisulfide and
garlic, diallyldisulfide was inferior to garlic.

DISCUSSION

Korean garlic (Allium sativurn) consists of many
sulfur compounds containing -SH and -S-S- radicals,
and various kinds of metal. Therefore the sulfur
compounds in garlic may form chelate compound
with metals in body and are expected to have pro-
tective effect against heavy metal poisoning (Ishikuro,
1981). The garlic also contains much selenium, which
antagonizes heavy metal poisoning including cad-
mium and enhances protective effect furthermore
(Table 7). Korean has used garlic as a spice since
acient time. In 1985, garlic production reached
256,000 mrT in Korea, with a consumption of 3.8 kg
per capita, and it is estimated that the figures will
continue to increase to 333,000 mr in 1991 (Ministry
of Agriculture & Fishes, 1986).

1. The protective mechanism of garlic against
cadmium and mercury poisoning

It has been reported that alkaline phosphatase, a
kind of enzyme in the cell membrane and a bio-
chemical indicator of biological function, is distributed
in target organs of cadmium poisoning, such as small
intestinal epithelium, proximal convoluted tubule of
kidney and osteoblast (Wada and Ono, 1977), and
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Kobayashi (1977) has reported that the activity of
alkaline phosphotase in a rat with cadmium poison-
ing dropped to 50% over a three month period.
Yoneyama and Sharma (1983) reported that methyl-
mercury and phenylmercury inhibited the activity of
potassium-dependent phosphatase, glutamine syn-
thetase and alkaline phosphatase, which are en-
zymes in cell membrane.

In this study cadmium, methylmercury, and
phenylmercury were administered respectively to rats
simultaneously with garlic for 12 weeks and the
results were compared with those of cadmium of
mercury alone treated groups. The inhibition of
alkaline phosphatase activity in the blood showed
atrend of recovery in the garlic (3.35%)-metal treated
group, and same values to that of the control group
were indicated in the garlic (6.7%)-metal treated
group.

In considering the cadmium accumulation and the
histopathological changes in liver, kidneys, bone
and testes which are target organs of cadmium
poisoning, a significant decrease of cadmium ac-
cumulation was apparent in both garlic (3.35%)-Cd
treated group and garlic (6.7%)-Cd treated group.
Tissue damages, such as the edematous change of
renal glomerulus and necrosis of liver cells, were
at recovery in the garlic (3.35%)-Cd treated group
and nearly recovered to show normal architecture
in the garlic (6.7%)-Cd treated group. Parizek and
Zahor (1956) have reported that a low concentration
on cadmium (003 mg/kg) caused irreversible
damage to the germinal epithelium of seminiferous
tubule in testes and inhibits spermatogenesis due to
necrosis of the reproductive tissues and interstitial
tissues. In this study, cadmium accumulation in the
testes in garlic (6.7%)-Cd treated group were reduc-
ed to 30% of that in Cd-alone treated group and only
a small histopathological change in the germinal
epithelium of seminiferous tubule were in indicated. The
protective effect of garlic against testes damage due
to cadmium, resembling the case of zinc and thiol
compounds as reported by Gunn (1963) and Mason
and Young (1964), was highly recognized. In the case
of brain tissue which is a target organ of methylmer-
cury poisoning, Daniel and Gage (1972) has reported
that when there has been an long term exposure to
phenylmercury, some of the mercury accumulates
in the brain tissue after methylation, and the ac-
cumulation level is 5-10% of methylmercury. The ac-
cumulation level in kidneys is 10 times that of
methylmercury. On the effect of-SH compounds to
the mercury accumulation in the brain tissue Berlin
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and Rylander (1964) have reported that BAL and
penicillamine cannot reduce the amount of mercury
accumulation in brain of the mouse, and also Kasuya
(1972) has reported that L-cysteine. D-penicillamine
and BAL cannot prevent the growth inhibitory action
on the brain cell due to mercury poisoning.

With respect to mercury accumulation in brain
this study showed a decrease of 32.2% in the
garlic (6.7%)-methylmercury treated group com-
pared with the methylmercury treated group, and as
to changes in the brain tissue, only a small level
of demyelinization was found in the white matter of
cerebellum while no damage appeared in the Purkin-
je cells.

Garlic had no effect on the mercury accumulation
in the brain tissue of the garlic (6.7%)-phenylmercury
treated group, and the protective effect against the
damage of brain could not be observed because
there was little histopathological damages in the
mercury treated group. It has been explained by
Aaseth and Friedheim (1978) that in case of BAL and
penicillamine, they cannot reduce the mercury ac-
cumulation in the brain cells, because their mercury
compounds are reabsorbed and reaccumulated in
the brain tissue. However the protective effect of garlic
against mercury poisoning of the brain tissue can
be interpreted as a result of smaller amount of
mercury being absorbed into the brain tissue due
to the enhanced excretion of mercury compounds
from the body by the garlic rather than a relation-
ship between garlic and brain tissue.

2. Comparison of the protective effect of garlic with
the current remedies against cadmium poisoning

According to the chelating mechanism of the metal
in living body, BAL and penicillamine form metal-
chelates in the blood or outside cell and exerete the
metal through urine. But they are considered inap-
propriate as remedies because the toxicity of the
metal is increased when they are reabsorbed by the
kidney or redistributed in the brain cell during the
excretion process (Tepperman, 1947; Cherian, 1980).

2 3-dimercaptosuccinic acid (DMSA), a derivative
of BAL, with 1/30 of the toxicity of BAL, discharges
the ‘metal through urine after forming metal-DMSA
chelate compounds in the blood without reabsorption
by the kindey. N-acetyl-oL-penicillamine, highly rated
along with DMSA, stimulates the discharge of metals
from the brain tissue and red blood cells by passing
through the cell membrane. Since there is no infor-
mation on garlic, the protective effect of garlic against
heavy metal poisoning was investigated in target

organs of cadmium poisoning, such as testes, liver,
kidneys, and bone tissues and compared with results
from other remedies. In the case of testes, the
amounts of cadmium accumulation in the BAL-Cd
treated group and PEN-Cd treated group were
decreased by 265% and 23% of the Cd-alone
treated group, in DMSA and APEN-Cd treated groups
there were 45% and 44% decrease respectively and
in the garlic-Cd treated group to 44%, thus the figure
for garlic was close to those of the DMSA and APEN.
For the cadmium accumulation in the liver, the effect
of garlic were similar to that of DMSA-Cd treated and
the APEN-Cd treated groups, and in the case of the
BAL-Cd treated group there was a higher rate of cad-
mium discharge than that of the PEN-Cd treated
group. The cadmium accumulation in kidneys show-
ed an aproximately 20% increase of the Cd-alone
treated group in the BAL-Cd treated and the PEN-
Cd treated groups, respectively, due to the reabsorp-
tion in kidneys, as mentioned by Cantilena and
Klaassen (1981), Yonaga and Morita (1981), and
Muragami and Webb (1981). But in the instance of
the garlic-Cd treated group, it shows a 10-20%
decrease of the Cd treated group as in the case of
the APEN-Cd treated group and DMSA-Cd treated
group, demonstrating that there is no reabsorption
with garlic like the instance of BAL. Based on the
above results, the protective effect of garlic against
heavy metal poisoning is superior to that of DMSA
and APEN.

3. The effect of garlic on the excretion of cadmium

The accumulation and excretion of cadmium from
the body varies according to the method of ad-
ministration and the amount of excretion. Part of the
absorbed cadmium in the liver is excreted in the bile
as glutathione-Cd compound before the synthesis
of metalothionein and secreted through the pancreas
and intestinal mucous membrane. An extremely small
amount of the secreted cadmium is re-absorbed in
the small intestine and excreted via the urine while
the majority is discharged in the feces through the
intestine , thus it is commonly accepted that feces
are the main route of excretion.

In this study, the amount of cadmium excretion
measured in the feces and urine, collected 24 hours
a day for 10 days by administering doses of garlic,
DMSA, and APEN respectively with cadmium to
albino rats bred in metabolic cages, was compared
with the total administered amount of cadmium by
the cumulative percentage. The urinary excretion of
the cadmium in the garlic-Cd treated group did not
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reach the level of DMSA or APEN treated group but
the fecal excretion was higher than that of DMSA and
APEN, and the total amount of cadmium excretion
was highest in the garlic-Cd treated group, followed by
APEN and then DMSA. Aaseth (1976) and Cantilena
and Klaassen (1981, 1982) have reported that when
albino rats were injected with cadmium (1 mg/kg) and
DMSA (0.75 g/kg), mercury (1.3 mg/kg) and APEN
(0.6 mg/kg) respectively, 3-5 times of the amount of
cadmium in the metal alone treated groups had been
excreted through the urine. But in this study the
discharge of cadmium through urine was relatively
low in the DMSA-Cd treated group and APEN-Cd
treated group. It is assumed that the orally admi-
nistered DMSA and APEN reacted with the cadmium
in the intestine and were excreted in the feces while
Aaseth (1976) and others administratered the chemi-
cals by injection. It is also possible to interpret this
as, unlike the polythiol resin which is not absorbed
in the intestine during digestion and absorption, with
garlic-Cd treatment, small amount of cadmium are
excreted through the urine and the majority is ex-
creted in the feces by enhancing the excretion
process.

To compare the cadmium excretion effect of
diallyldisulfide with that of DMSA, doses of diallyldi-
sulfide, the main component of garlic, were ad-
ministered together with cadmium. The urinary excre-
tion effect did not reach that of DMSA but as in the
garlic-Cd treated group, the fecal-excretion effect
was higher compared to the DMSA group. Although
the total fecal and urinary excretion amount in the
diallyldisulfide group was higher than that of the
DMSA group, it did not reach those of garlic.

As a summary, when the Korean garlic mixed with
feed and heavy metals were simultaneously ad-
ministered with garlic to albino rat, accumulation of
heavy metals in liver, kidney, bone and testes
decreased and histopathological damages were
reduced. The garlic also decreased the inhibitory ac-
tion of alkaline phosphatase activity in blood, which
is occurred in heavy metal poisoning.

The effect of garlic was not appeared in the 1.7%
garlic treated group; protective effect began to be
appeared in the 3.35% group and the heavy metal
accumulation decreased more than 40% in the 6.7%
group comparing with the metal-alone treated group.

The protective effect of garlic against heavy metal
poisoning is considered to be superior to current
remedies, BAL and D-penicillamine, and similar
to 23-dimercaptosuccinic acid and N-acetyl-oL-
penicillamine. But the curative effect on heavy metal
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poisoning was not significant.

When garlic was administered with cadmium, the
excretion of cadmium was enhanced, more through
feces than urine.

Based on the above results, it is assumed that the
protective effect of garlic containing -SH and -S-S-
radicals is caused by forming sulfur compound with
heavy metals in the body and promoting excretion
of heavy metals through bile juice in feces.

ACKNOWLEDGEMENTS

It is great pleasure for me to record my thanks to
the staffs and researchers of the Department of
Preventive Medicine, Medical College and the In-
stitute for Environmental Health of Korea University,
for their invaluable co-operation throughout this studly.
My special thanks are also due to Prof. C. Y. Rim,
Seoul National University for his histopathological
interpretation aspects.

REFERENCES

Aaseth J: Mobilization of methylmercury in vitro and in vivo
using N-acetyl-DL-penicillamine and other complexing
agent. Acta Pharmacol Toxicol 39: 289-301, 1976.

Aaseth J, Friedheim E: Treatment of methylmercury poison-
ing in mice with 2,3-dimercaptosuccinic acid and other
complexing thiols. Acta Pharrnacol Toxicol 42: 248-252,
1978.

Aberg B, Ekmant L: Metabolism of methyl mercury com-
pounds in man. Arch Environ Health 19: 478-484, 19609.

Aposhian HV: Protection by D-penicillamine against the
lethal effect of mercuric chloride. Science 128:93-93,
1958. 5

Berlin M, Carlson J, Norseth T. Dose dependence of
methylmercury metabolism. Arch Environ Health 30:
307-313 1975.

Berlin M, Rylander R: Increased brain uptake of mercury
Induced by 2,3-dimercaptopropanol (BAL) in mice ex-
posed to phenylmercuric acetate. J Pharmacol Exp Ther
146: 236-240, 1964.

Cantilena LR, Klaassen CD: Comparison of the effectiveness
of several chelators after single administration on the
toxicity, excretion, and distribution of cadmium. Toxicol
Appl Pharmacol 58: 452-460, 1981.

Cantilena LR, Klaassen CD: Decreased effectiveness of
chelation therapy with time after acute cadmium poison-
ing. Toxicol Appl Pharmacol 63: 173-180, 1982.

Cavallito CJ, Bailey JH: Allicin, The antibacterial principle
of allium sativumn, isolation. Physical properties and ant/-
bacterial action. J Amer chem Soc 66: 50-52, 1944.



A study on the effect of garlic to the heavy metal poisoning of rat 223

Cha CW: A study on the trace metal content in garlic ex-
tract (unpublished).

Cherian HG: Chelation of cadmium with BAL and DTPA in
rats. Nature 287: 871-872, 1980. .

Cho SY, Lee SW: Studiies on the compositional changes of
garlic during growth. J Kor Soc Horticult Science 15:
11-13, 1975.

Christley J. Webster WS: Cadmium uptake and distribution
in mouse embryos following maternal exposure during
the organogenic period: a scintillation and autoradio-
graphic study. Teratology 27: 305-312, 1983.

Clarkson TW, Small H: Excretion and absorption of
methylmercury after polythiolresin treatment. Arch En-
viron Health 26: 173-176, 1973.

Daniel JW, Gage JE: The metabolism of phenylmercury by
rat. Biochem J 129: 961-967, 1972.

De Serres FJ, Fouts JR, Bend JR, Philpot RM: In vitro
metabolic activation in mutagenesis testing, Elsevier/
Noth-Holland Biomedical Press, 1976.

Ditri PA, Ditri FM: Mercury contamination. John Wiley &
Sons, New York. 1977,

Freshney RI: Culture of animal cells -A manual of basic
technique; Allan R. Liss, New York, 1983.

Friberg |, Piscator M, Nordberg GF, Kjellstroem T. Cadmium
in the Environment (printed in Japanese by Kimura).
Medical, Dental and Phamacological Science Publi-
shing, Tokyo, 1975.

Friedheim E, Corvi C: Mesodimercaptosuccinic acid, a
chelating agent for the treatment of mercury poisoning.
J Pharmacol 27: 624-626, 1975.

Gabard B: Improvement of oral chelation treatment of
methylmercury poisoning in rats. Act Pharmacol Toxicol
39: 250-255, 1976.

Gilford Instrument Lab.: Gilford diagnostics. Gilford Instru-
ment, Cleveland, 1982.

Gunn SA, Gould TC: The selective injurious response of
testicular and epididymal blood vessels to cadmium and
its prevention by zinc. Am J Pathol 42: 685-694, 1983.

Guthrie FE, Perry JJ: Introduction to environmental tox-
icology. Elsevier, New York, 1980.

Imura N, Nakano M, Suzuki T: Biochemical approach on
metal toxicity (printed ih Japanese). Suzuhara Publi-
shing, Tokyo, 1980.

Ishikuro M: Chemical Reaction of -SH radical (printed in
Japanese). Kakkai, Tokyo, 1981.

Joensuu Ol: Fossil fuels a source of mercury pollution.
Science 172: 1027-1028, 1971.

Kasuya M: Effects of inorganic, aryl, alkyl, and other
mercury compounds on the growth of cell and fibers
from dorsal root ganglia in tissue culture. Toxicol Appl
Pharmacol 23: 136-146, 1972.

Kershaw TG, Dhahir PH: The relation between blood levels

and dose of methylmercury in man. Arch Environ Health
35: 28-35, 1980.

Kobayashi S: Effects of cadmium on alkaline phosphatase,
isozyme (printed in Japanese). Lecture note of the 4th
workshop on environmental pollutants and its toxicology,
Organizing committee of the workshop. Tokyo, 1977,

Kwon SP, Chung Y, Lim DK: Toxic substances of the
suspended particulate in atmosphere of Seoul city. J
Kor Preserv Assoc 1 (2): 1-17, 1980.

Longcope WT, Luetscher JJ: The use of BAL in the treat-
ment of the injurious effects of arsenic, mercury and
other metalic poisons. Annals Int Med 31: 545-554,. 1949,

Mason KE, Young JO: Effectiveness of selenium and zinc
in protecting against cadmium induced injury of rat testis.
Anat Rec 148: 309-309, 1964.

Ministry of Agriculture & Fishies, Republic of Korea: Year
Book of Agriculture and Forestry Statistics. Government,
Seoul, 1986.

Muragami M, Webb M: A morphorogical and biochemical
study of the effect of L-cysteine on the renal uptake and
neprotoxicity of cadmium. Br J Exp Pathol 62: 115-130,
1981.

Naganoma A, Imura N: Methylmercury binds to a low
molecular weight substance in rabbit and human
erythrocytes. Toxicol Appl Pharmacol 47. 613-616, 1979.

Nagase HM, Ose YK, Sato TH: distribution and produc-
tion of methylmercury in the environment. Eisei Kagaku
30: 161-172, 1984.

Nomiyama K: Carcinogenicity of cadmium. Jap J Ind Health
24: 13-23, 1982.

QOehme FW: Toxicity of heavy metals in the environment.
() Marcel Dekker, Inc. New York, 1978.

Parizek J, Zahor Z: Effect of cadmium salt on testicular tissue.
Nature 177: 1036-1037, 1956.

Pharmaceutical Society of Japan: Standard methods of
Analysis for Hygienic Chemists (printed in Japanese).
Kanehara, Tokyo, 1980. '

Richardson RJ, Murphy SD: Neurotoxicity produced by
intracranial administration of methylmercury in rat. Tox-
icol Appl Pharmacol 29: 289-300, 1974.

Sakai T, Yanagihira S, Ushio K: Mechanism of ALAD Inhibi-
tion by lead and of its restoration by zinc and dithio-
threitol. Br J Ind Med 40: 61-66, 1983.

Schroeder HA, Balassa JJ: Abnormal trace metals in man:
Cd. J Chron Dis 14: 236-258, 1961.

Shim KS: Hygienic Chemistry (printed in Korean). Dong
Myoung, Seoul, 1967.

Tepperman HM: The effect of BAL and BAL-glucoside
therapy on the excretion and tissue distribution of in-

Jjected cadmium. J Pharmacol Exp Ther 89: 343-349,
1947,

Tomokumi K: § -aminolevulinic acid dehydrase test for lead



224

exposure. Arch Environ Health 29: 274-281. 1974.

Tsuchiya K: Heavy Metal Toxicology (printed in Japanese).
Medical. Dental and Phamacological Science Pubii-
shing, Tokyo, 1983.

Wada O, Ono T: Aspects of enzymic toxicology of metals.
Jap J Ind Health 19: 479-494, 1977,

WPCF, ADHA, AWWA: Standard methods for the examina-
tion of water and wastewater. American Public Health
Assoc, Washington, 1976.

Yamane Y, Takabatake E, Uchiyama M: Toxicological as-
pects of environmental pollutants—Inorganic chemi-

cals—Nankodo Inc., Tokyo, 1981.

Yokohashi G: Dynamics of cadmium from a human bio-

C.-W. Cha

logical point of view. Tokyo J Med Sci 82: 183-196, 1974.
Yonaga T, Morita K: Comparison of the effect of N (2,3
dimercaptopropyl)-pbthalamidic acid, DL-penicillamine,
BAL on the excretion of tissue retention of mercury in
mice. Toxicol Appl Pharmacol 57: 197-207, 1981.
Yoneyama H, Sharma RP: Methylmercury and organoge-
nesis in vitro: Inhibition of glutamine synthetase induc-
tion and alteration of selected cellular enzymes in
aggregation of dissociated emgryonic chick renal cells.
Arch Environ Contam Toxicol 12: 157-162, 1983.
Yum YT, Bae ES, Yun BJ: A study on the crops pollution
with heavy metal. Kor J Prevent Med 13 (1): 3-12, 1980.



